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IMAGE READING DEVICE 



BACKGROUND OF THE INVENTION 
1 . Field of" the Invention 
5 The present invention relates to an image reading device 

in which image data, having a multitude of pixel data, is 
obtained by an imaging device, and after a reading operation of 
the pixel data from the imaging device, some of the pixel data 
are thinned out. 

10 2 . Description of the Related Art 

Conventionally/ there is known an image reading device, 
such as a digital camera, in which image data is obtained by an 
imaging device such as a CCD, and a color image, corresponding 
to the image data, can be recorded in a recording medium- The 

15 CCD is provided with an on-chip color filter, in which color 
filter elements of the three primary colors, for example, are 
provided on photo-diodes of the CCD. Namely, a pixel data 
generated by each of the photo-diodes corresponds to one of the 
primary colors, and thus, the pixel data does not indicate the 

20 other primary colors. Thus, an interpolation process is 
performed to obtain pixel data of the other primary colors. 

A number of pixel data, recorded in the recording medium, 
is determined depending upon a recording mode, and is usually 
much less than that of the photo-diodes. Therefore, in a 

25 conventional device, after the interpolation process, some of 



pixel data aire thinned out to reduce the number of pixel data in 
conformity with the number of pixel data to be recorded in the 
recording medium. 

Thus, in the conventional device, three image frame's 
5 worth of color image data are generated because of the 
interpolation process, and the thinning process is then applied 
to the color image data. Namely, in the interpolation process 
and the thinning process, a large number of pixel data are 
processed, and therefore, it takes a long time to obtain the 
10 pixel data to be recorded. 
SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to 
provide an image reading device by which the interpolation 
process and the thinning process are carried out in a reduced 
15 time, in comparison with a conventional device. 

According to the present invention, there is provided an 
image reading device comprising an imaging device, a reading 
processor, a thinning processor and an interpolation 
processor . 

20 The imaging device has photo-diodes and color filters 

provided on the imaging device, the color filter having color 
filter elements of a plurality of colors. The photo-diodes 
generate an original image data containing pixel data, each of 
which corresponds to one of the colors which are arranged in a 

25 predetermined distribution. The reading processor reads the 



pixel data from the imaging device. The thinning processor thins 
out some of the pixel data to generate a thinned image data, 
colors of which are arranged in the predetermined distribution. 
The interpolation processor performs an interpolation process on 
5 the thinned image data to generate an interpolated image data for 
each of the colors . 

Further, according to the present invention, there is 
provided an image reading device in which pixel data of a first 
image, formed on an imaging device having an on-chip color filter 
10 of a plurality of colors, are point-sequentially read from said 
imaging device and are subjected to an interpolation process to 
generate components of said plurality of colors for each of said 
pixel data to obtain a second image, the image reading device 
comprising a thinning processor that thins out some of the pixel 
15 data before the pixel data are subjected to the interpolation 
process, so that said second image is composed of a smaller 
number of pixels than the first image. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood from the 
20 description of the preferred embodiments of the invention set 
forth below, together with the accompanying drawings, in 
which: 

Fig. 1 is a perspective view showing a digital camera 
which is an image reading device to which an embodiment of the 
25 present invention is applied; 
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Fig- 2 is a block diagram showing electric circuits 
provided in the digital camera; 

Fig. 3 is a view showing an arrangement of an on-chip 
color filter provided on an imaging device, or an arrangement of 
5 color components of original image data read by the imaging 
devi ce ; 

Fig. 4 is a view showing thinned image data, which have 
been subjected to a thinning process using a reduction ratio of 
<l/3 x 1/3) time; 

10 Fig. 5 is a view showing thinned image data, which have 

been subjected to a thinning process using a reduction ratio of 
(1/5 x 1/5) time; 

Fig. 6 is a view showing interpolated image data of the 
R component, which have been subjected to an interpolation 
15 process after the thinning process using the reduction ratio of 
(1/3 x 1/3) time; 

Fig. 7 is a view showing interpolated image data of the 
R component, which have been subjected to an interpolation 
process after the thinning process using the reduction ratio of 
20 (1/5 x 1/5) time; and 

Fig. 8 is a flowchart of a recording routine, by which an 
image is indicated by a liquid crystal display and image data are 
recorded in a memory card. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 The present invention will be described below with 



reference to embodiments shown in the drawings . 

Fig. 1 shows a digital camera {i.e., an image reading 
device) 10 to which an embodiment of the present invention is 
applied. By the digital camera 10, a photographed color image 
5 can be recorded in a memory card (not shown) mounted in the 
camera 10. The color image is reduced with a predetermined 
reduction ratio, so that the reduced color image can be indicated 
by a liquid crystal display (LCD) 11. 

The digital camera 10 is provided with a lens barrel 13 
10 on a front surface 10a of the camera 10, and a photographing 
optical system 12 is held in the lens barrel 13. On a rear 
surface 10c of the camera 10, a view-finder (not shown) is 
provided . 

The LCD 11 is provided on an upper surface 10b of the 
15 camera 10. A release button 16 is provided on the upper surface 
10b. An operation panel IS and an indication panel 17 are also 
disposed on the upper surface 10b. The operation panel 15 is 
provided with various kinds of operation buttons including a 
reduction ratio setting button, by which the reduction ratio of 
20 the color image is set, and a cancel button, by which an 
operation of the digital camera 10 is canceled. The reduction 
ratio setting button is constructed in such a manner that the 
reduction ratio is changed to one time, (1/3 x 1/3) time and (1/5 
x 1/5) time, in this order, with every depressing operation of 
25 the button (i.e., whenever the button is depressed). The 



indication panel 17 is a liquid crystal display, for example, in 
which numerals and a predetermined figure signifying the 
reduction ratio can be indicated. 

With reference to Fig. 2, an electric construction of the 
5 digital camera 10 will be described below. 

The operation panel 15, the release button 16 and the 
indication panel 17 are connected to a control unit 40 having a 
mi cro- computer . Operations of the digital camera 10 are 
performed by depressing various kinds of operation buttons 

10 provided in the operation panel IS or the release button 16, and 
are controlled by the control unit 40. 

An imaging device {CCD) 30 is mounted in the digital 
camera 10. Between the photographing optical system 12 and the 
CCD 30, a quick return mirror 21 and a shutter 22 are provided, 

15 the shutter 22 being disposed behind the quick return mirror 21 . 
A view-finder optical system 23 is positioned above the quick 
return mirror 21. 

The CCD 30 is an area sensor having a light receiving 
surface on which a multitude of photo-diodes are arranged, on 

20 which an on-chip color filter of the Bayer arrangement is 
provided. Namely, the color filter has color filter elements of 
the three primary colors , i.e., red (R) , green (G) and blue (B) , 
and thus, the photo-diodes generate an original image data 
comprising analog pixel data, each of which corresponds to one 

25 of the three primary colors . 



The quick return mirror 21 can be rotated between an 
inclined state shown in a solid line and a horizontal state shown 
in a broken line. The quick return mirror 21 is usually 
positioned in the inclined state , so that light, passing through 
5 the photographing optical system 12, is led to the view-finder 
optical system 23. In this state, the shutter 22 is closed to 
block an optical path to the CCD 30 . Conversely, when the 
release button 16 is depressed to perform a photographing 
operation, the quick return mirror 21 is rotated upward under 

10 control of a mirror drive circuit 24, and is set to the 
horizontal state. While the mirror 21 is positioned at the 
horizontal state, the shutter 22 is opened under control of a 
shutter drive circuit 25, and thus, light passing through the 
photographing optical system 12 enters a light receiving surface 

15 of the CCD 30. 

A timing generation circuit 41 is connected to the 
control unit 40, so that a timing signal is generated by the 
timing generation circuit 41 under control of the control unit 
40. Based on the timing signal, a CCD drive circuit 32, a 

20 correlated double sampling circuit (CDS) 42 and an A/D converter 
43 are driven. 

When the release button 16 is depressed, a photographing 
operation is performed. Namely, the CCD 30 is controlled by the 
CCD drive circuit 32, so that one image's worth of analog pixel 
25 data of R, G and B components are point-sequentially read from 



the CCD 30, and reset noises are removed from the pixel data. 
Then, the analog pixel data are converted to digital pixel data 
by the A/D converter 43. The digital pixel data are stored in 
an image memory 45 through a digital signal processing circuit 
5 (DSP) 44. 

The digital pixel data are read from the image memory 45, 
and are subjected to a thinning process, by which a color image 
is reduced, in the DSP 44 to obtain thinned image data. The 
thinning process is carried out in accordance with a reduction 

10 ratio which is set by the reduction ratio setting button provided 
in the operation panel 15. After the thinning process, the 
thinned image data are subjected to an interpolation process, so 
that interpolated image data of R, G and B components are 
generated in accordance with a color arrangement of the LCD 11. 

15 The digital pixel data, subjected to the interpolation process, 
are subjected to predetermined processes including a color 
correction and a gamma correction, and then stored in a memory 
{not shown) provided in an LCD indication circuit 50. The 
digital pixel data, stored in the memory, are read therefrom 

20 under control of the LCD indication circuit 50, so that a color 
image is indicated by the LCD 11 based on the digital pixel data, 
i.e., the interpolated image data. 

When the image indicated by the LCD 11 is verified by the 
operator, and the release button 16 is again depressed, an image 

25 recording operation is performed, which is described below. The 



digital pixel data, which are stored in the image memory 45, have 
not been subjected to a thinning process and an interpolation 
process. When the digital pixel data are read from the image 
memory 45, the digital pixel data, are subjected to the thinning 
5 process by the DSP 44, in accordance with a reduction ratio set 
by the operation panel 15 to obtain thinned image data. Then, 
the thinned image data are subjected to the interpolation 
process, so that interpolated image data of" R, G and B components 
are generated for each of the pixels of the image. The 

10 interpolated image data are then converted to luminance data and 
color differential data by a memory card controller 62 . The 
luminance data and the color differential data are then subjected 
to a predetermined process including a compression process, and 
are then stored in a memory card 60 through a memory card slot 

15 61. 

Note that the reduction ratio is usually set to 1, and 
when the image is not reduced, the digital pixel data, read from 
the image memory 45, are not subjected to the thinning process, 
but are subjected to the interpolation process. 

20 With reference to Fig. 3, an output operation of pixel 

data from the CCD 30 is described below. On the light receiving 
surface of the CCD 30, an on-chip color filter of the Bayer 
arrangement is provided, in which red filter elements, green 
filter elements and blue filter elements are arranged as shown 

25 in Fig. 3. In the drawing, W R" , W G" and "B" signify the colors 



of the filter elements, and the suffixes "m" and "n" signify 
positions of the color filter elements. 

In a row L n , R filter elements and G filter elements are 
alternately arranged, and in a row L^ +1/ G filter elements and B 
5 filter elements are alternately arranged. In rows below the row 
L^i, the color filter element arrangement of the row 1^ and the 
color filter element arrangement of the row are alternately 

repeated. In other words, rectangular R, G and B filter elements 
are repeatedly arranged in a horizontal direction H and in a 

10 vertical direction V, with a minimum unit of a 2 x 2 matrix M. 
In the matrix M, two green filter elements are positioned on a 
diagonal line, and a red filter element and a blue filter element 
are positioned on another diagonal line. 

Each of the color filter elements corresponds to each of 

15 the photo-diodes provided on the light receiving surface of the 
CCD 30. Therefore, by each of the photo-diodes , a pixel data, 
corresponding to the color of the filter element provided on the 
photo-diode, is sensed. Pixel data sensed by the photo-diodes 
are point-sequentially output from the CCD 30 . In this output 

20 operation, after the pixel data corresponding to the row are 
output, the pixel data corresponding to the row are output. 

Thus, the pixel data are output point by point in each successive 
row. Therefore, an order, in which each of the pixel data of R, 
G and B is output, is the same as an order in which each of the 

25 color filter elements is arranged as shown in Fig. 3, and in an 

10 



image formed by pixel data output from the CCD 30, each of the 
R, G and B components is repeatedly arranged with the unit of 2 
x 2 matrix M. In the following description, since the color 
arrangement of the image is the same as that of the color filter 
5 of the Bayer arrangement, it is supposed that Fig. 3 indicates 
the image, and the suffixes "m" and w n" indicate the output order 
of the pixel data, i.e., positions of pixel data in the image. 

The original image data output from the CCD 30 are 
subjected to a predetermined process as described above, and are 

10 stored in the image memory 45 as digital pixel data. Addresses 
of the image memory 45, in which the digital pixel data of R, G 
and B components are stored, correspond to the positions of the 
original image data output from the CCD 30 . The digital pixel 
data are read from the image memory 45, and are then subjected 

15 to a thinning process so that the image is reduced, as will be 
described below with reference to Figs. 3 through 5. 

The thinning process is performed in such a manner that 
an arrangement of R, G and B components of the thinned image 
data, remains identical with that of the digital pixel data which 

20 are not subjected the thinning process, so that, after the 
thinning process, an interpolation process can be performed in 
a conventional method. Therefore, when the color components of 
the original image data, output from the CCD 30, are arranged in 
such a manner that a (m x m) matrix, formed by said plurality of 

25 colors, is repeated, the image can be reduced with a reduction 



ratio S indicated by a formula <1) . 

S= <l/(m x (n-l)+l) x (l/(m x (n-l)+l) ...(1) 
wherein "n" is an arbitrary positive integer greater than 1. In 
the thinning process, (m x (n-J) ) number of pixel data are 
5 thinned out for every (m x (n-l)+l) number of pixel data in a 
horizontal direction H and a vertical direction V of the image, 
in accordance with the reduction ratio indicated by the formula 
(1) - 

In the embodiment, since "m" is 2, the image can be 

10 reduced with the reduction ratio S of (1/3 x 1/3) time (i.e., 
n=2) and (1/5 x 1/5) time (i.e., n=3) , for example. Namely, as 
the reduction ratio, one time (i.e., without reduction), (1/3 x 
1/3) time and (1/5 x 1/5) time can be selected. 

An example, in which the thinning process is performed 

15 with the reduction ratio of (1/3 x 1/3) , is described below. In 
this case, V is 2 and "n" is 2 in the formula (1) , and thus, 
2 pixel data are thinned out for every 3 pixel data in the 
horizontal direction H and the vertical direction V of the image. 
Namely, pixel data of R, G and B components positioned in a 

20 rectangle shown by broken lines P3 in Fig. 3. In other words, 
only pixel data (R,^, G,a, n +3/ 2^3,^+3/ for example) which are 

not enclosed by the broken lines P3 are read from the image 
memory 45 so that the thinning process is carried out. If a 
reduced image is formed by the pixel data, which have been 

25 subjected to the thinning process, the arrangement of R, G and 



B components of the reduced image is, as shown in Fig. 4, the 
same as that of the image, formed by the digital pixel data 
without thinning. Namely, in the reduced image, the color 
components are arranged in such a manner that a (2x2) matrix 
M is repeated. 

An example, in which the thinning process is performed 
with the reduction ratio of (1/5 x 1/5) , is described below. In 
this case, "m" is 2 and "n" is 3 in the formula (1) , and thus, 
4 pixel data are thinned out for every 5 pixel data in the 
horizontal direction H and the vertical direction V of the image. 
Namely, pixel data of R, G and B components positioned in a 
rectangle shown by chained lines P5 in Fig. 3. In other words, 
only pixel data (R» /n , G^ #B+S/ G^s^, B^,^, for example) which are 
not enclosed by the chained lines P5 are read from the image 
memory 45 so that the thinning process is carried out. If a 
reduced image is formed by the pixel data, which have been 
subjected to the thinning process, the arrangement of R, G and 
B components of the reduced image is, as shown in Fig. 5, the 
same as that of the image, formed by the pixel data without 
thinning. Namely, in the reduced image, the color components are 
arranged in such a manner that a (2x2) matrix M is repeated. 

Fig. 6 shows pixel data of the R component, which have 
been subjected to an interpolation process after the thinning 
process using the reduction ratio of (1/3 x 1/3) time, and Fig. 
7 shows pixel data of the R component, which have been subjected 

13 



to an interpolation process after the thinning process using the 
reduction ratio of (1/5 x 1/5) time. In Figs. 6 and 7, the pixel 
data, to which a mark is attached, is obtained by the 

interpolation process, in which the marked pixel data is 
calculated using pixel data positioned around the marked pixel 
data, and which is the same process as in a conventional device, 
since the positional relationship of R, G and B components in the 
reduced image is identical with that of the image, which is 
formed by pixel data without thinning. Namely, the marked pixel 
data is obtained by using adjacent pixel data, in such a manner 
that the adjacent pixel data are each multiplied by a weight 
coefficient, the resultant values are then totaled together, and 
then divided by the number of the adjacent pixel data, to obtain 
the marked pixel data. 

The interpolation process is performed for each of the R, 
G and B components, and thus, the pixel data of the reduced image 
composed of a single color component are obtained for each of the 
R, G and B components. The number of pixel data, which have been 
subjected to the thinning process, is less than that of pixel 
data, not subjected to the thinning process. Therefore, since 
the interpolation process is carried out for a reduced number of 
pixel data, the process time of the interpolation process is 
reduced in comparison with a conventional device. 

Fig. 8 shows a flowchart of a indication/recording 
routine, which is executed in the control unit 40 so that an 
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image is indicated by the LCD and image data are recorded in the 
memory card 60. The image is reduced with a reduction ratio 
which is set by the reduction ratio setting button provided in 
the operation panel 15 . 
5 In Step 110, it is determined whether the release button 

16 is depressed. Step 110 is executed until it is determined the 
release button 16 has been depressed, and when the release button 
16 is depressed, i.e. , when a photographing operation is started, 
the process goes to Step 120. 

10 In Step 120, the CCD 30 is activated, so that pixel data 

of R, G and B components of an image to be photographed are 
sensed by the CCD 30. The pixel data are subjected to a 
predetermined process, and stored in the image memory 45 as 
digital pixel data, in which addresses, in which the digital 

15 pixel data are stored, correspond to the arrangement of colors 
of the digital pixel data in the image, shown in Fig. 3. 

In Step 140, the reduction ratio, (1/5 x 1/5) time, for 
example, which has been set by the operation panel 15, is read, 
and positions of pixel data, which are not to be thinned out, are 

20 calculated so that the image is reduced in accordance with the 
reduction ratio. In Step 150, only the pixel data corresponding 
to the calculated positions are read from the image memory 45, 
by which the thinning process is completed. In Step 155, an 
interpolation process is performed to the thinned image data read 

25 in Step 150, so that interpolated image data of R, G and B 



components are generated for each pixel of the reduced image, 
respectively, and are stored in a memory provided in the LCD 
indication circuit 50. Due to Steps ISO and 155, the pixel data 
for indication of the image by the LCD 11 are generated. 
5 In Step 160, the interpolated image data of R, G and B 

components are read from the memory of the LCD indication circuit 
50, and based on the interpolated image data, the reduced image 
is indicated by the LCD 11. 

A loop formed by Steps 170 through 190 is executed until 
10 either one of the reduction ration setting button and the cancel 
button, which are provided in the operation panel 15, and the 
release button 16 is depressed, or the process does not 
proceed. 

In Step 170, it is determined whether the reduction ratio 
15 has been changed. The user can check the reduced image indicated 
by the LCD 11, and can depress the reduction ratio setting button 
of the operation panel 15 to change the reduction ratio. When 
it is determined in Step 170 that the reduction ratio has been 
changed, the process goes back to Step 140, so that the image is 
20 indicated by the LCD 11 with the changed reduction ratio. 
Conversely, when it is determined in Step 170 that the reduction 
ratio has not been changed, the process goes to Step 180. 

In Step 180, it is determined whether the cancel button 
of the operation panel 15 has been depressed. When it is 
25 determined that the cancel button has been depressed, i.e. when 



the pixel data should not be recorded in the memory card 60, the 
indication/recording routine ends. Conversely/ when it is 
determined that the cancel button has not been depressed, Step 
190 is executed. 

In Step 190, it is determined whether the release button 
16 has again been depressed, i.e., whether the pixel data should 
be recorded in the memory card 60. When it is determined in Step 
190 that the release button 16 has not been depressed, Step 170 
is again executed. Conversely, when it is determined that the 
release button 16 has been depressed, Step 200 is executed, in 
which only the pixel data, corresponding to the positions 
calculated in Step 140, are read from the image memory 45, by 
which the thinning process is completed to obtain thinned image 
data. The read thinned image data are subjected to an 
interpolation process in Step 205, so that interpolated image 
data of R, G and B components are generated, as described above. 
In Step 210, the interpolated image data of the color components 
are converted to luminance signals and color differential 
signals, and are then subjected to a predetermined process such 
as a data compression. Then, the processed data are stored in 
the memory card 60 through the memory card controller 62 , and 
thus the indication/recording routine ends. Due to Steps 200 and 
205, the pixel data to be recorded in the memory card 60 are 
generated . 

According to the embodiment, when an image is reduced 
17 



with a predetermined reduction ratio, firstly, a thinning process 
is performed prior to an interpolation process. Therefore, the 
number of pixel data, which are subjected to the thinning 
process, is equal to that of one image. Conventionally/ when an 
5 image is reduced with a predetermined reduction ratio, the 
thinning process is performed after the interpolation process. 
In this case, pixel data read from the CCD are subjected to the 
interpolation process, so that one image's worth of pixel data 
are obtained for each of the R, G and B components. Namely, 

10 three image's worth of pixel data are generated. Therefore, 
three image's worth of pixel data are subjected to the thinning 
process, and the number of pixel data, to be processed, is great. 
In comparison, in the embodiment, the number of pixel data is not 
increased being prior to the interpolation process, and only one 

15 image's worth of pixel data are subjected to the thinning 
process. Thus, a time required for the thinning process is 
reduced. 

Further, in the embodiment, since the interpolation 
process is performed after the number of pixel data is reduced 

20 by the thinning process, useless color pixel data, for pixels not 
included in the thinned image data, are not generated, and thus 
a calculation time for the interpolation process is shortened. 
In the interpolation process, one image's worth of pixel data are 
generated for each of R, G and B components. Namely, three 

25 image's worth of color pixel data are generated. However, when 



the interpolation process is performed, the number of pixel data 
has already been reduced to that of the reduced image, and 
therefore, the number of pixel data, which are handled in an 
image indicating operation and an image recording operation, is 
5 decreased, so that a capacity of the memory provided in the LCD 
indication circuit 50 can be reduced. 

Note that, although the on-chip color filter of the Bayer 
arrangement is provided in the embodiment, an on-chip color 
filter having the other arrangement, in which an <m x m) matrix 
10 of color components is repeatedly arranged, can be utilized. 
Further, colors of the filter elements are not restricted to R, 
G and B, and two or more color filters elements can be used. 

Although the embodiments of the present invention have 
been described herein with reference to the accompanying 
15 drawings, obviously many modifications and changes may be made 
by those skilled in this art without departing from the scope of 
the invention. 

The present disclosure relates to subject matter 
contained in Japanese Patent Application No. 10-341680 (filed on 
20 December 1, 1998) which is expressly incorporated herein, by 
reference, in its entirety. 
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CLAIMS 

1. An image reading device comprising: 

an imaging device that has photo-diodes and color filters 
provided on said imaging device, .said color filter having color 
filter elements of a plurality of colors, said photo-diodes 
generating an original image data containing pixel data, each of 
which corresponds to one of said colors which are arranged in a 
predetermined distribution; 

a reading processor that reads said pixel data from said 
imaging device; 

a thinning processor that thins out some of said pixel 
data to generate a thinned image data, colors of which are 
arranged in said predetermined distribution; and 

an interpolation processor that performs an interpolation 
process on said thinned image data to generate an interpolated 
image data for each of said colors . 

2 * A device according to claim 1 , wherein said colors of 

said original image data are arranged in such a manner that a <m 
x m) matrix, formed by said plurality of colors, is repeated, and 
said thinning processor thins out (m x (n-1) ) number of pixel 
data for every (m x (n-l)+l> number of pixel data in a horizontal 
direction and a vertical direction of an image corresponding to 
said original image data, wherein each of "m" and "n" is a 
positive integer greater than 1. 

3 - A device according to claim 2, wherein said colors of 
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said original image data are arranged in such a manner that a (2 
x 2) matrix, formed by said plurality of colors, is repeated, and 
said thinning processor thins out <2 x (n-1) ) number of pixel 
data for every {2 x (n-l)+l) number of pixel data in a horizontal 
5 direction and a vertical direction of an image corresponding to 
said original image data. 

4. A device according to claim 3, wherein said thinning 
processor thins out 2 pixel data for every 3 pixel data. 

5. a device according to claim 3, wherein said thinning 
10 processor thins out 4 pixel data for every 5 pixel data. 

6. A device according to one of claims 4 and 5, wherein said 
colors of said color filter elements are arranged in the Bayer 
arrangement . 

7 . A device according to one of claims 4 and 5 , wherein said 
15 color filter has red filter elements, green filter elements and 

blue filter elements, and in said (2x2) matrix, said green 
filter elements are positioned on a diagonal line, and said red 
filter element and said blue filter element are positioned on 
another diagonal line. 
20 8. A device according to claim 3, further comprising a 

reduction ratio setting processor that sets a reduction ratio in 
accordance with which the number of pixel data thinned out by 
said thinning processor is determined. 

9. A device according to claim 1, further comprising a 

25 reduced image indicating processor that forms a color image based 
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on said interpolated image data and indicates said color 
image . 

10. An image reading device in which pixel data of a first 

image, formed on an imaging device having an on-chip color filter 
of a plurality of colors, are point-sequentially read from said 
imaging device and subjected to an interpolation process to 
generate components of said plurality of colors for each of said 
pixel data to obtain a second image, said image reading device 
comprising: 

a thinning processor that thins out some of said pixel 
data before said pixel data are subjected to said interpolation 
process, so that said second image is composed of a smaller 
number of pixels than said first image. 
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IMAGE READING DEVICE 



5 ABSTRACT OF THE DISCLOSURE 

The image reading device comprises an imaging device on 
which an on-chip color filter is provided. The on-chip color 
filter has color filter elements of the Bayer arrangement, for 

10 example. Pixel data, output from the imaging device, are stored 
in a memory. When the pixel data are read from the memory, some 
of the pixel data are thinned out, so that a thinned image data, 
colors of which are arranged in the same arrangement as the color 
filter elements of the imaging device, is obtained. The pixel 

15 data of the thinned image data are subjected to an interpolation 
process, so that one image's worth of pixel data are generated 
for each of the color components. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
below next to my name. 

I believe I am the original, first and sole inventor (if only one name is 
listed below) or an original, first and joint inventor (if plural names 
are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled 

IMAGE READING DEVICE 
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the specification of which 

(check one) 

g is attached hereto. 



and was amended on _ 



Prior foreign applications 
P10-341680 


JAPAN 


Ol/December/1998 


(Number) 


(Country) 
(Wf.) 


(Day/Month/Year Filed) 


(Number) 
(**) 


(Country) 
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(Day/Month/Year Filed) 


(Number) 


(Country) 
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(Day/MonthA'ear Filed) 



(if applicable) 

I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as amended 
by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to 
the examination of this application in accordance with Title 37, Code 
of Federal Regulations, §1 .56. 

I hereby claim foreign priority benefits under Title 35, United States 
Code §1 1 9(a-d) or §365(b) of any foreign application(s) for patent 
or inventor's certificate, or §365(a) of any PCT international 
application which designated at least one country other than the 
United States of America, listed below and have also identified 
below, by checking the "No" box, any foreign application for patent 
or inventor's certificate, or of any PCT international application having 
a filing date before that of the application on which priority is claimed: 

Priority claimed 

m □ 
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□ Additional foreign application numbers are listed on a 
supplemental priority sheet attached hereto. 

I hereby claim the benefit under Title 35, United States Code §1 1 9(e) 
of any United States provisional application(s) listed below. 
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(Application No.) 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 
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□ Additional provisional application numbers are listed on a 
supplemental priority sheet attached hereto. 

I hereby claim the benefit under Title 35, United States Code §120 
of any United States application(s), or §365(c) of any PCT 
international application designating the United States of America, 
listed below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States or PCT 
international application in the manner provided by the first 
paragraph of Title 35, United States Code §1 12, 1 acknowledge the 
duty to disclose information which is material to patentability as 
defined in Title 37, Code of Federal Regulations §1 .56 which became 
available between the filing date of the prior application and the 
national or PCT international filing date of this application. 
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(Status) 

(patented, pending, abandoned) 



(Status) 

(patented, pending, abandoned) 



□ Additional U.S. or international application numbers are listed 
on a supplemental priority sheet attached hereto. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 1 8 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 

The undersigned hereby authorizes the U.S. attorney or agent 
named herein to accept and follow instructions from either his foreign 
patent agent or corporate representative, if any, as to any action to 
be taken in the Patent and Trademark Office regarding this 
application without direct communication between the U.S. attorney 
or agent and the undersigned. In the event of a change in the 
persons from whom instructions may be taken, the U.S. attorney 
or agent named herein will be so notified by the undersigned. 
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Neil F. Greenblum 
Brace H. Bernstein 
Roger P. Glass 
James L. Rowland 
Arnold Turk 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the attomey(s) and/or agent(s) associated with the Customer 
Number provided beiow to prosecute this application and 
transact all business in the Patent and Trademark Office 
connected therewith, and direct that all correspondence be 
addressed to that Customer Number: 

CUSTOMER NUMBER 7055 
The appointed attorneys presently include: 

Reg. No. 28,394 
Reg. No. 29,027 
Reg. No. 30,841 
Reg. No. 32,674 
Reg. No. 33,094 



Address: GREENBLUM & BERNSTEIN, P.L.C. 

1941 ROLAND CLARKE PLACE 
RESTON, VA 20191 



Direct Telephone Calls to: (name and telephone number) 



GREENBLUM & BERNSTEIN, P.L.C. 

(703)716-1191 



Full name of sole or first inventor 
Koichi SATO 



Inventor's signature . Date 



Residence 
Saitaima, Japan 



Citizenship 
JAPAN 



Post Office Address 

C/O ASAHI KOGAKIT KOGYO KABUSHIKI KAISHA 



36-9, Maenocho 2-chcme, 
Itabashi-ku, Tokyo, Japan 



Full name of second joint inventor, if any 



Second Inventor's signature 



Post Office Address 



(Supply similar information and signature for third and 
subsequent joint inventors.) 
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